CHAPTER XVII
BONDS AND BONDING
The circuit which supplies current from the substation to the
car has already been outlined. The return portion of this circuit
is made up of the track rails, being augmented by return copper
feeders in parallel with the track only in cases of heaviest service.
As rail lengths of either 30 or 60 ft. are used, a single rail will have
88 or 176 joints per mile at which the electrical resistance of the
connection between rails made by means of corroded fish plates
would normally be very high. With this high resistance directly
in series with the return circuit, any reasonable addition to the
copper in the positive feeders is of little value. It was quickly
found, therefore!, in the operation of the early railway systems
that the ends of rails must be connected electrically by conductors
of lower resistance than the fish plates. These conductors have
been designated as "bonds."
In the first installations bare copper negative return wires were
laid along the ties between the rails and connected with the center
of each length of rail with a copper wire. This method, however,
proved very expensive and was abandoned, although it has been
reinstated recently of necessity in similar form where traffic is
very heavy, particularly in city systems. Later the ends of rails
were bonded by moans of No. 6 galvanized wire bonds clamped
under the heads of track bolts. Such bonds were not only soon
destroyed by galvanic action in the earth but were found to be of
such high resistance an to bo of little use. A slight decrease in
the contact resistance of these bonds was later affected by forcing
the bond wires into holes drilled in the heads of the bolts. The
inability to reduce the track resistance sufficiently by any of the
above means led to the introduction of the solid copper bond
which in turn developed into the laminated strip copper and
stranded copper bonds which are preferable because of their
flexibility.
Several distinctive types of the latter bonds have now come into
very general use and a brief description of each will therefore be
found below.
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